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A location system for establishing the po- 
sition of a portable terminal (5) that transmits 
identity information indicative of the identity 
of the individual terminal is provided. The 
portable terminals (5) transmit their identity in- 
formation at a first predetermined power level. 
The system includes location beacons (6) hav- 
ing a known position and the beacons are capa- 
ble of receiving the identity information trans- 
mitted by the portable terminals. Each loca- 
tion beacon (6) generates an output signal when 
identity information of a portable terminal is re- 
ceived at that beacon with a power level greater 
than a predetermined threshold value, which 
value may be set independently for each bea- 
con. The output signal is indicative that such a 
portable terminal (5) is within a particular dis- 
tance range of the beacon (6) and the output 
signal is made available to a control unit (3). 
By providing the control unit with information 
relating to the position of each of the location 
beacons, it is possible to establish the position 
of a particular portable terminal as being within 
a given range of that known beacon position 
when the beacon receives identity information 
associated with that portable terminal with a 
power level greater than the beacon threshold 
value. In one embodiment the portable termi- 
nals are DECT handsets. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland . 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BP 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d" I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/38460 



1 



PCT/EP99/09603 
J 



DESCRIPTION 

LOCATION BEACON SYSTEM 

The present invention relates to a location system for establishing the 
position of a portable or mobile terminal and in particular to a location system 
employing location beacons. 

In telecommunication systems of the type having one or more mobile or 
portable terminals, for example a portable mobile radio telephone handset, the 
ability to determine the location of such a terminal can be of benefit with 
respect to the operation and the functionality of the system. Information 
relating to the location of the mobile terminal allows operational parameters to 
be adjusted for optimising performance and the use of resources. 
Furthermore, the ability to establish the actual position of a mobile or portable 
terminal is useful in its own right, since by equipping a user with such a 
terminal it is possible to locate the user and track their movements. This is of 
particular benefit where the user is a lone worker, someone operating in 
hazardous environments, or perhaps a member of the medical profession or a 
member of a maintenance team. The ability to locate and track security 
personnel is of particular benefit. 

The accuracy to which the position of a portable terminal (and hence 
the user of the terminal) needs to be established will vary depending on the 
reason for gathering the location information and the environment. In the case 
of a farm worker in an empty field, for example, it may be sufficient to merely 
establish that the worker is in the field. Accurate location of the worker is not 
required and the worker may be located visually. In contrast, a security guard 
whose welfare is a prime consideration needs to be located with a greater 
accuracy, especially if working within a building having a number of rooms or 
corridors that will render visual contact impossible. It will be apparent that a 
location system should be capable of providing location information of a 
portable or mobile terminal to the required accuracy. 
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In a wireless telecommunications system having one or more base 
station for communication with the portable terminals, the only information 
normally available that relates to the location of a terminal is obtained through / 
knowing which base station is handling the communication with the portable 

5 terminal and also knowing where the base station is located. 

One known communication system provided with means for detecting 
the position of portable terminals is the subject of the abstract of Japanese 
patent application number JP 0 7 274240A. The system includes a number of 
beacon oscillators geographically distributed around the operating domain of 

10 the portable terminals. The beacon oscillators emit a position signal that is 
picked up by a nearby portable terminal via a RF receiver provided in the 
portable terminal. Any such position signal, if picked up by the portable 
terminal, is combined with an identification signal of that associated with that 
portable terminal and relayed by the mobile terminal to a host computer of the 

15 communication system. The combined signal is sent to the computer via a 
radio transceiver provided in the portable terminal which transceiver 
communicates with a radio master station that is connected to the host 
computer. 

A problem with this system is that the portable terminal uses an RF 
20 section for communicating with the radio master station and a further RF 
section for receiving information from the beacons. The presence of two RF 
sections as opposed to one is likely to increase cost and complexity of the 
portable terminal. Furthermore, should it be desirable to provide a known, 
established, communications system such as a GSM mobile radio cellular 
25 telephone system or the like with a location system operating in accordance 
with the principles of the cited known art, each portable terminal must be 
replaced by one having the additional hardware for receiving signals from the 
beacons. If beacons were merely added to the established system, existing 
portable terminals would not be able to detect their presence. 
30 Another potential problem is the additional power consumption that a 

separate, additional RF section can give rise to. Furthermore, some type of 
power management would be highly desirable because an additional RF 
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section that is continuously operating to receive beacon signals will place a 
significant demand on power requirements. This is undesirable where the 
power supply is exhaustible, for example as is the case when the power is 
provided by a battery. 

5 In this type of known system where beacons transmit to portable 

terminals, failure of a location beacon results in the position signals from that 
beacon ceasing. Unfortunately such a condition is not readily apparent to the 
system since the portable terminals cannot differentiate between this condition 
and the condition of merely being out of range of that beacon. Therefore, in 

10 this type of system, it is necessary to routinely visit and locally test each 
beacon which can be time consuming. Furthermore, such testing may also be 
difficult if the beacon is not easily accessible - for example in those cases 
where it is out of reach, buried in a wall or located in some other dangerous 
environment. 



It is an object of the present invention to provide a location system that 
will allow the position of a portable terminal to be established with a greater 
accuracy than is provided through merely knowing which base station is 
handling the communication with the portable terminal and also knowing 

20 where that base station is located. 

It is yet another object of the present invention to provide a location 
system that will allow the position of a portable terminal to be established, 
wherein any additional power consumption of the portable terminal as a result 
of being provided with the location system is minimal in comparison to a 

25 portable terminal not benefiting from the system of the present invention. 

In accordance with the present invention there is provided a location 
system for establishing the position of a portable terminal that transmits identity 
information indicative of the identity of the individual terminal at a first 
predetermined power level, the system including: one or more such 

30 portable terminal; at least one location beacon having a known position and 
capable of receiving identity information, and a control unit, wherein the location 
beacon is provided with means for generating an output signal when identity 



15 
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information is received at the beacon with a power level greater than a 
predetermined threshold value, the output signal indicating that a portable 
terminal is within a particular distance range from the beacon, and means for 
making the output signal available to the control unit. 

5 The identity information transmitted by the portable terminal may be 

transmitted continuously, intermittently or on demand. In the latter case this may 
be initiated by a component of the system. Alternatively it may be initiated by the 
user of the portable terminal, for example by issuing a command to initiate a 
communication or through originating a call, such as an alarm call. 

io It is noted that information (in the form of the beacon output signal) is 

made available to the control unit from the location beacons, in contrast to the 
above mentioned known system where information is sent to the host computer 
from the portable terminal. The difference in this chain of communication has an 
inherent advantage since it can permit the control unit to identify defective or 

15 failed location beacons, as those beacons will never produce an output signal. 
Indeed, the beacons could make available a signal to the central control unit 
periodically to indicate correct operation. 

Communication between the central control unit and the location beacons 
may be enhanced to provide two way communication. Such communication can 

20 allow remote monitoring of the beacons to establish correct functionality and 
allow changes to be made to beacon operating parameters remotely. Where the 
beacons include a software component, system or application software could be 
downloaded to the beacons remotely. All of these features are especially useful 
if the beacons are not readily accessible. 

25 Where the portable terminal is also provided with other communication 

functions, for example as a mobile or cordless telephone is for communication of 
voice or data files, the identity information may be transmitted with the same 
power that is used for transmission of information associated with the other 
communication functions, or the identity information may be transmitted with a 

30 different power. This can be used to add flexibility to the system in terms of 
reducing power consumption. Because the portable terminal transmits rather 
than receives identity information this eliminates the need for the portable 
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terminal to monitor for location beacon signals (an activity which has potential for 
significant power consumption). This can allow additional control over power 
consumption due to the activity of transmitting identity information. For example, 
the identity information could be transmitted less often to conserve power. 

5 The portable terminals may be mobile components, such as handsets of 

a mobile or cordless telephone system, pagers or mobile computing 
apparatus. Indeed portable terminals may include portable communications 
devices that are configured to perform a particular function or may be 
configured to perform one of a number of functions. 

io A plurality of location beacons may be provided. The system may then 

include means for distinguishing between outputs of different location 
beacons. It is preferable that each location beacon generates an output signal 
that may be distinguished from outputs produced by other location beacons. 

One, several, or all beacons may be provided with means for setting the 

15 predetermined threshold value. Furthermore, one, several of all beacons may 
be provided with means for adjusting the predetermined threshold value. If 
more than one beacon is present within the system the threshold value of 
individual beacons may be set and / or adjusted independently of the threshold 
values of other beacons. This has the advantage of allowing beacons to be 

20 individually tailored to detect portable terminals within particular chosen 
distance ranges. 

Where two way communication between a beacon and the control unit 
is provided, it may be possible to alter the threshold value of that beacon 
remotely from the control unit. 

25 Preferably the control unit holds information relating to the positioning of 

the or each location beacon therefore allowing an output signal of a given 
beacon to be associated with that position. If information relating to the 
threshold value of the beacons is also known this will give an indication of the 
coverage area of a particular beacon and therefore the accuracy to which the 

30 position of a portable terminal may be established, based on the occurrence of 
a particular beacon output signal. 
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Whilst the location system of the present invention may be implemented 
separately, in a preferred embodiment it is integrated in a telecommunications 
system. 

In one arrangement the portable terminal is based on a DECT portable 
5 part and the terminal exchanges information in a manner based on the DECT 
standard. (DECT is an abbreviation for Digital Enhanced Cordless 
Telecommunications and is defined in standard ETS 300 175 of the European 
Telecommunications Standards Institute. The Standard includes a number of 
parts.) Furthermore the location beacons may be based on a DECT portable 
10 part and the beacons exchange information in a manner based on the DECT 
standard. In each case some deviation from the standards may be necessary 
to obtain the required operation. 

Other aspects and optional features of the present invention appear in 
the appended claims, to which reference should now be made and the 
15 disclosure of which is incorporated herein by reference. 

The present invention will now be described by way of example only 
with reference to the accompanying drawings in which: 

Figure 1 shows a schematic representation of a first embodiment of a 
20 telecommunications system incorporating the present invention. 

Figure 2 shows the schematic representation of Figure 1 but modified 
by the inclusion of a different type of location beacon. 

Figure 3 shows an arrangement of three location beacons in the system 
of Figure 1 or Figure 2. 

25 

Referring to Figure 1 a telecommunications system in the form of a 
DECT multicell system 1 includes a plurality of base stations or radio fixed 
parts (RFP's) 2 which are networked together for communication with each 
other. The RFP's 2 are also connectable via an interface to external 
30 telecommunication networks such as the public switched telephone network 4 
although this is optional. The RFP's 2 are also connected via the network to a 
central control unit 3 which serves to control the general operation of the whole 
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system including the interoperability of the RFP's 2 with each other. Although 
a number of RFP's 2 are used to form a multi cell system, it is possible to 
provide a single cell system which uses only one RFP 2. In a DECT system a 
portable terminal is known as the portable part (PP) and will include a portable 
5 radio termination (PT) for establishing communication with a RFP 2 via a 
wireless radio link or connection. The portable parts (PP's) 5 shown in Figure 

1 are capable of establishing such communication with a suitable RFP 2 via a 
wireless radio link or connection for the exchange of traffic such as voice or 
data, as is well known to the person skilled in the art. 

io As stated above, a DECT communications system may be provided 

with one RFP 2 or a number of RFP's 2. Obviously, if the system has only one 
RFP 2 then this RFP must cater for all connections that are established with 
the PP's 5. However, the system illustrated in Figure 1 has a plurality of RFP's 

2 with each of the three RFP's 2 illustrated having a coverage area of C1, C2 
15 and C3 respectively. In the case of such a system the plurality of RFP's 2 are 

provided for the purpose of increasing system capacity and/or coverage area 
with connections being established between RFP's 2 and PP's 5 depending on 
the available link quality, which usually though not always results in a link 
being established between the PP 5 and the nearest RFP 2. Similarly, this 

20 can also be the case in other cellular mobile radio telephone systems, where a 
link is usually established between the portable terminal and the nearest base 
station although this will be subject to the loading level of the system and other 
constraints. Based on this reasoning, and as stated above, it is possible to 
attempt to estimate the approximate location of a portable terminal based on 

25 the location of the RFP 2 or base station servicing a connection to the portable 
terminal. This is often unreliable and often inaccurate, especially since some 
cellular systems employ single base stations to cover areas of many 
kilometres. 

In order to assist in determining the location of a mobile terminal (in this 
30 example a PP 5), a number of location beacons 6 are geographically 
distributed around the operating domain in which the portable terminals (PP's 
5) are likely to be present. In particular it is preferable that beacons 6 are 
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situated in those locations where it is important to detect the presence of the 
PP's 5 with a greater accuracy. Adding more beacons can be beneficial, since 
accuracy is related to beacon density, with more beacons providing greater 
accuracy, as will become apparent from the following parts of the description. 
5 It is, however, noted that greater numbers of beacons are likely to give rise to 
higher overall financial and data handling costs so higher beacon densities can 
be employed selectively where the application suitably benefits from the 
increase. 

In use the PP's 5 transmit information indicative of their identity and this 

10 information is transmitted at a predetermined transmission power level. The 
power level used to transmit the identity information may be the same as the 
power level used by the PP's 5 for the transmission of other types of 
information. Alternatively the power level used by the PP's 5 for transmission 
of the identity information may be different and this will provide some flexibility 

15 in the system for the purposes of reducing power consumption. This 
transmitted information is in a form that may be received by the location 
beacons 6 and such reception is thus indicative of the presence of a PP 5. 
The received power level of the transmitted identity information that is received 
by a particular beacon 6 will depend on many factors such as the transmission 

20 power level, antenna gain of the transmitter, interference, operating terrain and 
the question of whether a line-of-sight view is established between a given PP 
5 transmitting the identity information and a given beacon 6. The gain of the 
reception antenna provided at the beacon 6 will also have a bearing on the 
apparent magnitude of the received power level as seen by the internal RF 

25 receiving circuits of a receiving beacon. However, for the purpose of the 
present description, references to received power level are intended to mean 
the power level available for reception by an antenna, and in particular the 
power level available for reception by beacon antennas. 

The power level of any identity information that is received by a beacon 

30 will also be generally influenced by the distance between a given PP 5 
transmitting the information and a given location beacon 6, such that the 
power level received at the beacon decreases with increasing PP-to-beacon 
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separation distance as is well known to the person skilled in the art. This 
allows the PP 5 to location beacon 6 distance to be estimated on the basis of 
the power level received at the beacon. Assuming that the factors (other than 
separation distance) that influence the received power level at a particular 

5 location beacon can be accounted for or ignored, it is apparent that if the 
signal level received from a given PP 5 at a particular beacon 6 is greater than 
a particular or predetermined power, then that PP 5 can be deemed to be less 
than a particular (or predetermined) distance from the beacon and may be 
considered as being "in-range" of the location beacon 6. Furthermore, if the 

10 position of the beacon is known then that particular PP 5 can be deemed to be 
less than the particular (or predetermined) distance from that position. 

When the power level received at a beacon 6 is indeed greater than a 
predetermined power the beacon produces an output indicative of this which is 
made available to the central control unit 3. This output signal may be 

15 considered as an in-range output signal. The output signal contains 
information that includes identity information of the particular in-range PP 5 
although the identity of the location beacon 6 is also made available to the 
central control unit 3. The central control unit 3 holds information relating to the 
actual position of the location beacons so that when the central control unit 3 

20 receives an output signal from a beacon 6 (indicating the presence of a nearby 
PP 5), the identity information of the PP 5 and the identity information of 
beacon 6 may be converted into information representative of the actual 
location of a particular PP 5. 

In one simple arrangement each beacon output could be directed to an 

25 individual input of the central control unit 3. In this case, outputs from the 
different beacons could be differentiated from each other merely by knowing 
which beacon is connected to a particular input. However in the presently 
described example the output signal of the beacon preferably contains 
information that serves to identify the beacon itself. Outputs of the various 

30 location beacons 6 may be transmitted to the central control unit on the 
occurrence of an in-range condition or at the command of the beacons 6, or 
the central control unit 3 may poll the beacons 6 to obtain the status of their 
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output, that is, whether or not an output signal is being generated. 
Furthermore, in the arrangement where identity signals are transmitted from a 
PP due to initiation by the user, such as may occur when sending an alarm 
call, it is possible to force an output to be produced by any location beacon, 

5 providing of course that the PP producing the alarm is deemed to be within 
range of the beacon. 

As mentioned earlier the accuracy to which location information is 
required depends on the application and environment. Individual beacons 6 
may be adjusted or set so that PP identity information needs to be received 

10 with at least a predetermined power level (i.e. above a certain threshold) 
before the beacon produces an output indicative of the presence of a nearby 
PP 5. Indeed by raising the threshold a PP 5 must be closer to a location 
beacon 6 before an in-range output signal is produced than would be the case 
if a lower threshold is set for that beacon (providing that other factors that may 

15 influence the received power level are accounted for or remain unchanged). 
Where accurate location information of PP's 5 is required, the threshold level 
may be set comparatively high so that a PP 5 needs to be close to a location 
beacon before the beacon produces an output signal. Through providing a 
number of closely positioned beacons 6, each having a high threshold level 

20 setting to give a short in-range distance, the location of a PP 5 may be 
established with a higher degree of accuracy. Where less accurate location 
information is required the beacons 6 may be separated by greater distances 
and have lower threshold settings to thus deem PP's 5 that are further away as 
being in-range. Because the thresholds of the beacons can be set 

25 independently, the location beacon system may be tailored to produce a 
location system providing different levels of location accuracy or a system 
providing varying levels of location accuracy throughout the anticipated 
operating domain of the PP's as is required by the application. 

The distance between a PP 5 and a location beacon 6 at which a 

30 beacon output is produced may be influenced by antenna gain which itself 
does not need to be isotropic, nor are the beacons limited to having one 
antenna. This means that the 'in-range' distances around the beacon are not 
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limited to being symmetrically or uniformly distributed around the beacon. One 
possible arrangement is illustrated in Figure 1 with region C30 representing 
coverage area C3 but drawn to an enlarged scale for clarity. Within region 
C30 a RFP 2 is shown which corresponds to RFP 2 of C3. Also contained in 

5 region C30 are beacons 6a and 6b which correspond to two of the beacons 6 
of C3. Each beacon 6a and 6b is provided with two antennas; a first antenna 
for receiving identity information from PP's 5 and a second antenna for making 
the beacon output signal available to the control unit 3 via an RFP 2. The first 
antenna does not have an isotropic gain characteristic, which in the case of 

io arbitrarily chosen threshold values, results in an outer limit of the 'in-range' 
distances for beacons 6a and 6b as represented by loci 7a and 7b 
respectively. The second antenna of each beacon 6a and 6b does have an 
isotropic gain characteristic and this is illustrated by loci 8a and 8b for beacons 
6a and 6b respectively which represent the boundaries of their coverage area. 

15 Their coverage areas are shown as being sufficient to reach RFP 2. 

An alternative arrangement is illustrated in Figure 2 which also shows 
region C30 representing coverage area C3 but to an enlarged scale, just as in 
Figure 1. In this arrangement, each beacon is provided with a single antenna 
that serves to receive identity signals from the PP's 5 and to transmit the 

20 beacon output signal to the central control unit 3 via a RFP - in this case RFP 
2. Again, for arbitrarily chosen threshold values, the 'in-range' distances for 
beacons 6a and 6b are represented by loci 9a and 9b respectively and in this 
case the loci also represent the coverage area of the antenna in terms of 
transmitted beacon output signals. It is noted that although the in range 

25 distances and the coverage areas are illustrated in Figure 2 as being the 
same, they may in fact be set differently and would then appear as concentric 
circles. It is further noted that gain characteristics of beacon antennas may be 
chosen to be isotropic or non-isotropic, regardless of whether the beacon uses 
a single antenna or a number of antennas. 

30 For a given location beacon, the predetermined power level of received 

PP identity information necessary for producing the output signal will be 
influenced by , and may be controlled by, the gain of the involved beacon 
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antenna. However, it is preferable that the required power level is controlled 
by internal circuitry which may itself be under software control. Where two way 
communication is provided between the control unit and the location beacon, 
remote control of this predetermined power level is possible. 

5 It will be appreciated by the person skilled in the art that in the context 

of the above sections of the description the threshold level of the location 
beacons 6a and 6b can change depending on the position of a PP5 with 
respect to the beacons 6 and not merely in terms of absolute distance from a 
beacon. On the other hand, it is also possible to consider that the beacons 6 

10 are provided with a set threshold internally, and the signals received at the 
beacon are routed to the internal receiving circuitry via an antenna that is not 
omni-directional and exhibits varying gain in different directions. 

The above explanation refers to an implementation where a beacon 
output signal is only produced by a given beacon when PP identity information 

15 is received with a power level above a predetermined threshold. In another 
implementation the required predetermined threshold value of each beacon is 
set to the minimum value that is possible such that it corresponds to the 
minimum power level of received PP identity information that is required for 
detection. In practice this means an identity information signal that is received 

20 by a beacon with a power level sufficient to be distinguished from background 
noise produced both internally and externally of the system. Indeed, by setting 
the predetermined threshold value of a beacon below the background noise 
level, an output signal will be produced by that beacon regardless of whether 
or not PP identity information is being received. Information relating to the 

25 power level of the received PP identity information is included in the beacon 
output signal, as well as information to identify the particular PP from which 
identity information is received and information to identify the location beacon 
6. Through knowing the received power level of the PP identity information 
signal at the beacon, it is possible to calculate the distance between the 

30 location beacon and the PP producing the signal. Should PP identity 
information for a given PP be received by two location beacons, it is possible 
to calculate the distance of the PP from each. 
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This principle can be exploited as explained with reference to Figure 3 
which shows a PP 5 producing PP identity information which is being received 
by location beacons 31, 34 and 37 (beacons 31, 34, 37 are similar to location 
beacons 6 except that their output signal includes information relating to the 
5 power level of the received PP identity information and possibly the 
predetermined threshold value). Subject to external factors such as the local 
geography, environment and possible non-isotropic antenna gain, reception of 
PP identity information signals at beacon 31 with a particular power level will 
indicate that the portable part is an associated distance 32 from that beacon. 
10 However, the received signal strength does not generally convey information 
relating to the direction of the PP5 with respect to the beacon, so as far as 
beacon 31 is concerned, the PP could be anywhere along the locus of line 33. 
Similarly, reception of PP identity information signals by location beacon 34 
with a particular power level will indicate that the portable part is an associated 
15 distance 35 from that beacon which means that as far as beacon 34 is 
concerned, the PP is somewhere along the locus of line 36. Finally, reception 
of the PP identity information signals by location beacon 37 with a particular 
power level will indicate that the portable part is an associated distance 38 
from that beacon, which means as far as beacon 37 is concerned, the PP is 
20 somewhere along the locus of line 39. By calculating the point of intersection 
of the loci 33, 36 and 39 by known methods (sometimes referred to as 
triangulation-type methods), the location of the PP 5 may be established. 

In practice the location of the portable part can be calculated from the 
received signal strengths in a variety of ways. For example, the distance from 
25 any one beacon, in this case beacon 37, is calculated in the above mentioned 
manner such that the PP is deemed by beacon 37 to be somewhere on locus 
39. The power levels of PP identity information received by the other two 
beacons, for example location beacons 31 and 34, may then be compared and 
treated as a ratio to establish a locus, for example, locus 40, along which the 
30 PP 5 must lie and the intersection of loci 40 and 39 is then calculated by 
known methods to establish the location of PP 5. PP identity information 
signal strengths received by a number of beacons may be exploited in other 
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ways to establish the position of a PP. For example, if it is known that the user 
of a PP is constrained in a particular direction as they are when walking along 
a narrow corridor or walkway, the position of this PP 5 could be established by 
analysing the received power levels at just two beacons rather than three. 
5 Furthermore, although Figure 3 and the associated description illustrate the 
concept of locating a PP in two dimensions, such an approach also works in 
three dimensions, although output signals from extra location beacons may be 
required. 

Preferably calculations are performed by the central control unit 3 based 

10 on the information relating to received PP signal strengths as provided in 
beacon output signals. 

In the case of the specific example as presently described, the location 
beacon system shown is based on a DECT telecommunications system. The 
location beacons 6 are based on DECT portable parts (although they are not 

15 to be confused with the PP's 5). The PP's 5 transmit information (every 
160ms, for example), indicative of their identity as a connectionless message 
on an uplink slot. In a DECT system, if an RFP 2 is idle, that is, is not 
presently involved in supporting a traffic communication, for example voice or 
data traffic communication, with a PP 5, the RPF 2 emits a signal known as a 

20 dummy, in a periodic manner. This dummy is broadcast on a free DECT 
channel. Any PP's 5 in the vicinity of the RFP 2 are able to scan the DECT 
channels until they find the channel carrying the dummy. The dummy signal 
contains important information, including information about the RFP 2 and the 
system to which it is connected, and this information is used by the PP 5 to 

25 synchronise with the RFP 2 and be in a condition ready to make or receive 
calls. If the RFP is involved in supporting a traffic communication with at least 
one PP, the important system information is contained in the information 
transmitted on the DECT channel used for establishing the traffic 
communication with the particular PP. Any other PP 5 in the vicinity of the 

30 RFP 2 can obtain the necessary system information from this transmission and 
lock on to the RFP 2 as above rather than obtaining the information from the 
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dummy. Indeed, a dummy may not be present if the RFP is involved in 
supporting traffic communications. 

However, in one implementation of this system, all RFP's 2 involved in 
the location beacon system always maintain an active dummy bearer. This 

5 allows all PP's 5 to then be configured to transmit their identity on the uplink 
slot of the dummy bearer in the form of a connectionless message, the 
terminology used hereinbefore being understood by the person skilled in the 
art. This connectionless uplink is only used for conveying information for the 
purposes of location detection and is not used to carry traffic such as voice or 

10 data files. The location beacons are capable of receiving the identity 
information transmitted by the PP's 5 on the connectionless uplink and as such 
are configured to receive on the uplink slot of the dummy, although the power 
level of the information as received at each beacon depends among other 
things on the PP-to-beacon distance, as has been explained above. If the 

15 power level of a given PP's 5 identity signal is received at a location beacon 
with a value that is greater than the threshold set for that beacon, the beacon 
will produce an output signal indicating that the PP 5 is within range. The 
location beacon 6 sends the in-range output signal to the central control unit 3 
via a traffic bearer set up to an RFP 2 (connected to the central control unit 

20 over the network) and sending the output signal over the traffic bearer. It is 
noted that the RFP's of this system are capable of setting up a large number of 
traffic bearers to support the communication of the beacon output signals to 
the central control unit 3. 

The above mentioned implementation of setting beacon threshold 

25 values very low to receive PP identity information that is merely detectable, 
and then including information in the beacon output signals relating to the 
received power of the PP identity information, can also be based on a DECT 
telecommunications system. 

It will be apparent that each location beacon 6 must be able to hear all 

30 in-range PP's 5, and this needs to be the case even if a given in-range PP 5 is 
synchronised to one RFP 2 and the location beacon 6 is synchronised to a 
different RFP 2. Since the dummy bearer may be on any available DECT 




WO 00/38460 PCT/EP99/09603 

16 J 

channel, it is quite possible that different RFP's 2 transmit their dummy on 
different DECT channels to each other. Since the PP's 5 transmit identity 
signals on the uplink slot of the dummy and the location beacons 6 are 
configured to receive those signals, this can result in the beacons listening to a 

5 different DECT channel than the identity signals are being broadcast on. Also, 
since DECT channels are defined in terms of carrier frequency and time slot, 
this means that the dummy of different RFP's 2 may well be on channels 
having a different carrier frequency and/or time slot allocation to each other. 
Normally, an uplink slot of the dummy (as is used here for carrying the PP 

10 identity information in the form of a connectionless message) is on the same 
carrier frequency as the dummy itself. However, if a given location beacon is 
only provided with one receiver, it can only receive on one carrier frequency at 
a given time. Therefore, for a location beacon to hear all in-range PP's, each 
PP 5 must transmit its identity information on the same carrier frequency. The 

15 implications of this are that the PP's 5 could be required to transmit their 
identity information on the dummy uplink (in the form of a connectionless 
message) on a different carrier frequency to the dummy (downlink) signal 
itself. This is not usually the case in a standard DECT implementation. 

Another problem can arise when a RFP is supporting traffic bearers or 

20 the RFP is heavily loaded, in which case it is normally unnecessary and/or 
undesirable to maintain an active dummy bearer. In these cases a DECT 
channel is assigned for supporting a connectionless uplink for carrying the PP 
identity information. Even so, it is still only possible for a location beacon to 
receive on one carrier frequency at a time. However, through using the same 

25 carrier frequency throughout the system for transmitting PP identity information 
signals, by setting up all location beacons to receive on this carrier frequency 
all location beacons will be capable of hearing PP identity information of all in- 
range PP's. (Note there may still be an overall limit to the PP's that can be 
heard at a given time due to other factors relating to operation of the system, 

30 such as the particular scale of the build). 

Another possible solution is to designate different DECT channels for 
supporting the connectionless uplink messages (that carry the PP identity 
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information) in different parts of the system. PP's 5 and location beacons 6 
could transmit / listen respectively to PP identity information on a different 
carrier frequency and be instructed to change DECT channels dynamically. 
This could be done under control of the central control unit 3 and/or on 
establishing a given PP 5 is in a particular location. PP's 5 and location 
beacons 6 could be instructed to do this by means of a short page message. 

The carrier used for the connectionless uplink may be determined by 
the Primary Scan Carrier Number (PSCN). 

The identity that is transmitted by a PP in the identity information may 
be an assigned portable part MAC identity (PMID), which will be understood be 
the person skilled in the art. Alternatively a proprietary system may be used. 
The use of a default PMID is not necessarily sufficient to uniquely identify a PP 
5 within the system. PMID assignment is performed during location 
registration and there is only one location area in the whole system. 

Each location beacon may undergo an on-air subscription to the central 
control unit 3. However, a system of pre-subscription could be used. Some 
authentication procedures could be included. 

Preferably the system also supports standard DECT functions so that 
voice and data communications may be available to the portable parts in the 
usual way. Normal traffic bearers, as are used for the exchange voice and 
data file information between the PP's 5 and the RFP's 2, are therefore set up 
in the normal way. However, it is important to accommodate the requirement 
for the location beacon output to be relayed to the central control unit 3 by 
means of a traffic bearer set up between the location beacons and the RFP's 
2. 

In one example where the location beacon 6 is essentially a DECT 
portable part with two antennas, one antenna is used for communication with 
the RFP 2 for communication of information including the output signal, while 
the other antenna receives the PP 5 identity information, as has already been 
described above. Whether or not two antennas are used, the principle of 
using a low gain antenna and / or setting the threshold value by circuitry and / 
or software in the location beacons will allow implementations where PP's 5 
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transmit their identity information with a power level similar to that power level 
used for normal traffic communication with an RFP, without the PP 5 
necessarily being deemed to be within-range of a number of location beacons 
6. 

5 Even though the position of a location beacon needs to have a known 

position to be of any use, this position does not need to be fixed. Indeed, it 
can be advantageous for location beacons to be re-positioned easily, providing 
the new position is updated in the central control unit. The position of a 
location beacon does not need to be known in the absolute sense, that is, a 

10 location beacon could be provided in a vehicle that is capable of movement. 
Although the location of the vehicle may be unknown, it may be sufficient to 
know that a particular terminal is near to, or located in, the vehicle. It may also 
be sufficient to merely know which room a location beacon is situated in. 

One use of the location beacon system described herein is to track the 

15 movement of personnel, for example, a security guard. By equipping the 
security guard with a PP their movement may be monitored. Security guards 
are sometimes required to perform a guard tour around the premises and the 
tour will often be along a pre-arranged route. The progress of the guard along 
the route can be monitored automatically and should a guard deviate from the 

20 route or the progress be irregular or stop, an alarm could be raised 
automatically. This could be done by the central control unit 3 providing that it 
is provided with details of the tour. 

Each PP 5 may be provided with an alarm facility allowing the user to 
initiate an alarm signal to other parts of the system. The alarm signal is 

25 preferably initiated from the PP 5 and sends a signal to an RFP 2 directly, 
although the position of the PP 5 originating the alarm signal will be known by 
means of the beacons. 

On initiation of an alarm call operation parameters of the system could 
be modified. For example, the threshold values of some or all beacons could 

30 be reduced and the beacons instructed to receive identity information of the 
portable part that the alarm call originated from to accurately locate that 
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portable part. So called triangulation-type methods could additionally or 
alternatively be used to accurately locate that portable part. 

If the PP's transmit their identity information regularly, this may be done, 
for example every 160ms. A typical in-range portable part to beacon distance 
5 is in the order of 2 meters, although this distance is variable depending on the 
requirements of the application. 

References to the term 'power level' are made with the understanding 
that a broad interpretation is to be given to such a term. The term may 
therefor be read as 'field strength' for example, or other such terms generally 
10 understood to have a similar meaning. 

From reading the present disclosure, other modifications will be apparent 
to persons skilled in the art. Such modifications may involve other features 
which are already known in the design, manufacture and use of systems and 
devices and component parts thereof and which may be used instead of or in 
15 addition to features already described herein. 
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CLAIMS 

1. A location system for establishing the position of a portable 
terminal (5) that transmits identity information indicative of the identity of the 
individual terminal at a first predetermined power level, the system including: 

one or more such portable terminal (5); 

at least one location beacon (6) having a known position and capable of 
receiving identity information, and 
a control unit (3), wherein 

the location beacon (6) is provided with means for generating an output 
signal when identity information is received at the beacon with a power level 
greater than a predetermined threshold value, the output signal indicating that a 
portable terminal (5) is within a particular distance range from the beacon, (6) 
and means for making the output signal available to the control unit (3). 

2. A location system in accordance with Claim 1 wherein the output 
signal includes identity information of the portable terminal or terminals whose 
identity information is received at the beacon with a power level greater than the 
predetermined power level. 

3. A location system in accordance with Claim 1 or 2 and being 
operable to implement testing of the or each location beacon remotely under 
control of the control unit (3). 

4. A location system in accordance with Claim 1, 2 or 3 wherein the 
portable terminal is based on a DECT portable part and the location beacons are 
based on a DECT portable part and they exchange information in a manner 
based on the DECT standard. 

5. A location system in accordance with Claim 4 wherein the identity 
information is transmitted as a connectionless message on an uplink bearer. 
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6. A location system in, accordance with Claim 5 wherein the 
connectionless message is transmitted on the uplink slot of a dummy bearer. 



7 A location system in accordance with Claim 6 wherein the 



5 connectionless message is transmitted on a different frequency than the one 



8. A location system in accordance with any one of Claims 1 to 7 
wherein the or each location beacon output signal is made available to the 

10 control unit (3) via a route that includes a link formed by establishing a DECT 
traffic bearer from the beacon to a DECT fixed terminal (2). 

9. A location system in accordance with any one of Claim 1 to 8 
wherein the or each location beacon (6) is further provided with means for setting 

15 the predetermined threshold value remotely under the control of the control unit. 

10. A location system in accordance with any one of Claims 1 to 9 
wherein predetermined threshold values of location beacons are set to a low 
value such that a number of beacons receive identity information from a given 

20 portable terminal, and the output signals of those beacons are made available to 
the control unit together with information relating to the power level of the 
received identity information. 

11. A portable communications apparatus having the technical 

25 features of the portable terminal in a location system as claimed in any one or 
more of Claims 1 to 10. 



used for the downlink of the dummy bearer. 



30 



12. A communications device apparatus having the technical features 
of the location beacons in a location system as claimed in any one or more of 
Claims 1 to 10. 
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